Transmembrane signal transduction and osmoregulation in Escherichia coli. Functional importance of the periplasmic domain of the membrane-located protein kinase, EnvZ.
The EnvZ protein is presumably a membrane-located osmotic sensor which is involved in expression of the ompF and ompC genes in Escherichia coli. Previously, we developed an in vitro method for analyzing the intact form of the EnvZ protein located in isolated cytoplasmic membranes, and demonstrated that this particular form of the EnvZ protein exhibits the ability not only as to OmpR phosphorylation but also OmpR dephosphorylation. In this study, to gain an insight into the structural and functional importance of the putative periplasmic domain of the EnvZ protein, a set of mutant EnvZ proteins, which lack various portions of the periplasmic domain, were characterized in terms of not only their in vivo osmoregulatory phenotypes but also in vitro EnvZ-OmpR phosphotransfer reactions. It was revealed that these deletion mutant EnvZ proteins are normally incorporated into the cytoplasmic membrane. Cells harboring these mutant EnvZ proteins showed a pleiotropic phenotype, namely, OmpF- Mal- LamB- PhoA-, and produced the OmpC protein constitutively irrespective of the medium osmolarity. It was also suggested that all of these mutant EnvZ proteins were defective in their in vitro OmpR dephosphorylation ability, while their OmpR phosphorylation ability remained unaffected. These results imply the functional importance of the periplasmic domain of the EnvZ protein for modulation of the kinase/phosphatase activity exhibited by the cytoplasmic domain in response to an environmental osmotic stimulus.